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1
POWER SOURCE CIRCUIT

BACKGROUND

1. Technical Field

The present disclosure relates to a power source circuit
(e.g., power supply circuit) that generates a predetermined
voltage and current.

2. Description of the Related Art

Japanese Unexamined Patent Application Publication No.
2013-27241 discloses a buck converter circuit having a
configuration for reducing current ripple due to a switching.
Japanese Unexamined Patent Application Publication No.
2005-86958 discloses a switching power source having an
input filter circuit.

In the related art, 1t 1s desired that normal-mode noise be
reduced.

SUMMARY

In one general aspect, the techniques disclosed here
feature a power source circuit that includes a first mnput
terminal, a second mput terminal, a first inductor; a second
inductor, a third inductor, a first switching device, a second
switching device, a first capacitor, a second capacitor, a first
output terminal, and a second output terminal. The first input
terminal and a first end of the first inductor are connected to
each other, a second end of the first inductor and a second
end of the second switching device are connected to each
other, a first end of the second switching device and the first
output terminal are connected to each other, the second 1input
terminal and the second output terminal are connected to
cach other, a first end of the first switching device and a {first
node on a path that connects the second end of the first
inductor and the second end of the second switching device
are connected to each other, a second end of the first
switching device and a second node on a path that connects
the second mput terminal and the second output terminal are
connected to each other, a first end of the first capacitor and
a third node on a path that connects the first end of the
second switching device and the first output terminal are
connected to each other, a second end of the first capacitor
and a fourth node on a path that connects the second node
and the second output terminal are connected to each other,
a first end of the second inductor 1s connected to a path that
connects the first input terminal and the first node, a second
end of the second capacitor 1s connected to a path that
connects the second mput terminal and the second node, and
the first inductor and the second inductor are magnetically
coupled with each other, a first end of the third inductor and
a second end of the second inductor are connected to each
other, and a second end of the third inductor and a first end
of the second capacitor are connected to each other.

According to the present disclosure, 1t 1s possible to
reduce normal-mode noise.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit in a second
embodiment;
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FIG. 2 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit i a modifi-
cation of the second embodiment;

FIG. 3 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit in a modifi-
cation of the second embodiment:;

FIG. 4 15 a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit in a modifi-
cation of the second embodiment:

FIG. 5 15 a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit mn a third
embodiment;

FIG. 6 1s a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit i a modifi-
cation of the third embodiment;

FIG. 7 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit i a modifi-
cation of the third embodiment;

FIG. 8 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit 1 a fourth
embodiment;

FIG. 9 15 a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit in a modifi-
cation of the fourth embodiment;

FIG. 10 1s a circuit diagram 1llustrating a schematic
configuration of a power-factor correction circuit in a modi-
fication of the fourth embodiment;

FIG. 11 1s a circuit diagram 1llustrating a schematic
configuration of a boost converter circuit in the second
embodiment;

FIG. 12 1s a graph illustrating computational results of
circuit simulation of power source current in each of the
second embodiment and a comparative example; and

FIG. 13 1s a circuit diagram 1llustrating a schematic
configuration of a power-factor correction circuit in a coms-
parative example.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
below with reference to the accompanying drawings.

First, findings made by the present inventor will be
described below 1n conjunction with an example of a power-
factor correction circuit as an example.

FIG. 13 1s a circuit diagram 1llustrating a schematic
configuration of a power-factor correction circuit in a coms-
parative example.

An alternating current (AC) voltage from an AC power
source 1 1s applied across a first input port 2a of a rectifier
10 and a second mput port 26 of the rectifier 10.

The rectifier 10 rectifies the applied AC voltage, and the
resulting voltage 1s applied across a first input terminal 3a
and a second input terminal 35 as a direct current (DC)
voltage.

A first switching device S1 1s turned on or off. In this case,
when the first switching device S1 1s turned on, a second
switching device S2 i1s turned off. Also, when the first
switching device S1 1s turned ofl, the second switching
device S2 1s turned on.

When the first switching device S1 1s turned on, current
energy 1s accumulated 1n a first inductor L1 (in this case, a
choke coil).

When the second switching device S2 1s turned on, energy
1s transmitted from the first inductor L1 to a first capacitor

Cl1.
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As a result, a DC voltage appears between a first output
terminal 5a and a second output terminal 55 of the power-
factor correction circuit.

In FIG. 13, a diode 1s depicted as the second switching,
device S2.

Even when the second switching device S2 1s, for
example, a transistor, the above-described operation can be
achieved.

The first inductor L1 repeats accumulation and discharge
of current energy. Thus, current that flows i1n the {first
inductor L1 has a wavetform with a large triangular ripple.
The current propagates to, for example, the AC power
source 1 as noise.

The noise 1s classified mto normal-mode noise and com-
mon-mode noise, according to the propagation characteris-
tics thereof. The normal-mode noise 1s noise that circulates
between power lines. The common-mode noise 1s noise that
propagates on power lines 1n the same phase and propagates
in an opposite phase by using a neutral line as a return path.

A triangular ripple 1nvolved 1n the operation of a power
source circuit like the above-described power-factor correc-
tion circuit propagates as normal-mode noise.

A noise filter circuit 1s used in order to remove noise that
flows out from the power source circuit through a power
source line.

In order to reduce the normal-mode noise mvolved 1n the
operation ol the above-described power source circuit, it 1s
necessary to increase the capacitance of a capacitor, called
an X capacitor, 1n the noise filter circuit.

The X capacitor, however, 1s a large component 1n the
noise filter circuit. Thus, 1n a power source circuit that needs
to be miniaturized, 1t 1s necessary to reduce the capacitance
of the X capacitor.

The power source circuit and the noise filter circuit may
be fabricated on respective different substrates, for conve-
nience of the circuit layout. Consequently, normal-mode
noise mvolved 1n the operation of the power source circuit
may propagate widely from the substrate of the power
source circuit to the substrate of the noise filter circuit. As a
result, the noise flows into a detection circuit and so on used
for circuit control. This increases the risk of causing circuit
malfunction. Also, on paths through which the noise propa-
gates, the normal-mode noise 1s converted into common-
mode noise. This complicates the propagation paths and
makes 1t diflicult to provide countermeasures against noise.

Based on the foregoing findings, the present inventor has
conceived the configuration 1n the present disclosure.
(First Embodiment)

A power source circuit 1n a first embodiment 1includes a
first input terminal, a second mnput terminal, a first inductor,
a second 1nductor, a first switching device, a second switch-
ing device, a first capacitor, a second capacitor, a {irst output
terminal, and a second output terminal.

The first input terminal and a first end of the first inductor
are connected to each other.

A second end of the first inductor and a second end of the
second switching device are connected to each other.

A first end of the second switching device and the first
output terminal are connected to each other.

The second mnput terminal and the second output terminal
are connected to each other.

A first end of the first switching device and a first node on
a path that connects the second end of the first inductor and
the second end of the second switching device are connected
to each other.
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A second end of the first switching device and a second
node on a path that connects the second 1nput terminal and
the second output terminal are connected to each other.

A first end of the first capacitor and a third node on a path
that connects the first end of the second switching device and
the first output terminal are connected to each other.

A second end of the first capacitor and a fourth node on
a path that connects the second node and the second output
terminal are connected to each other.

A first end of the second inductor i1s connected to a path
that connects the first imnput terminal and the first node.

A second end of the second inductor and a first end of the
second capacitor are connected to each other.

A second end of the second capacitor 1s connected to a
path that connects the second input terminal and the second
node

r

The first inductor and the second inductor are magneti-
cally coupled with each other.

According to the above-described configuration, owing to
cllects of magnetic coupling between the first inductor and
the second inductor, current that flows in the first inductor
causes the voltage across terminals of the second capacitor
to be excited at a switching frequency of the first switching
device. As a result, some of ripple components 1n current
that flows to at least one of the first inductor, the first
switching device, and the second switching device can be
supplied from a bypass B1 including the second inductor
and the second capacitor. This can reduce normal-mode
noise that flows out to the power source side of an input
voltage.

A reduction 1n the normal-mode noise allows a capacitor
having a small capacitance to be used as the X capacitor in
the noise filter circuit. This makes it possible to mimaturize
the noise {filter circuit. The second inductor mainly carries
ripple components 1n power-supply current. Thus, a narrow
wire can be used as a winding of the second inductor. The
second capacitor does not need to be a capacitor having a
large capacitance. Thus, 1t 1s possible to reduce the sizes of
components used as the second inductor and the second
capacitor. Accordingly, even the noise filter circuit and the
power source circuit are viewed as a whole, miniaturization
1s possible.

According to the configuration described above, noise can
be reduced 1n the power source circuit. Thus, the propaga-
tion area of noise can be limited. This reduces the risk of
causing circuit malfunction due to flow of noise into a
detection circuit or the like used for circuit control. In other
words, it 1s possible to reduce the difliculty of electromag-
netic compatibility (EMC) design of circuits. In addition,
mode conversion between the normal mode and the common
mode occurs on a path through which noise propagates.
When the range in which noise propagates 1s reduced, the
amount of mode conversion also decreases. That 1s, the noise
propagation paths are simplified. This makes 1t easy to
provide countermeasures against noise.

For example, a power-factor correction circuit may be
constituted using the power source circuit in the first
embodiment.

Alternatively, for example, a boost converter circuit may
be constituted using the power source circuit in the first
embodiment.

The power source circuit in the first embodiment may
include a magnetic core.

In such a case, a winding of the first inductor and a
winding of the second inductor may be wound around the
magnetic core.
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According to the above-described configuration, the first
inductor and the second inductor have windings around the
same magnetic core. This provides a large mutual induc-
tance. Thus, 1t 1s easier to obtain a greater noise reduction
cllect.

Also, 1n the first embodiment, each switching device may
be implemented by a commonly known switching device,
such as a transistor (e.g., a metal-oxide-semiconductor field-
eflect transistor (MOSFET) or an insulated-gate bipolar
transistor (IGBT)).

Alternatively, i the first embodiment, the switching
device may be implemented by a diode.

In the first embodiment, the first inductor may be a
reactor.

A specific example configuration 1n the first embodiment
will be described below 1n second to fourth embodiments.
(Second Embodiment)

The second embodiment will be described below.
Descriptions that are substantially the same as those of the
first embodiment are not given heremafter, as appropriate.

First, a description will be given of an example in which
a power-factor correction circuit 1s configured with a power
source circuit 1n the second embodiment.

FIG. 1 1s a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit 1000 1n the
second embodiment.

The power-factor correction circuit 1000 in the second
embodiment includes a first mput terminal 3a, a second
input terminal 35, a first inductor L1, a second inductor L2,
a first switching device S1, a second switching device S2, a
first capacitor C1, a second capacitor C2, a first output
terminal 5a, and a second output terminal 3b.

The first mput terminal 3a and a first end of the first
inductor L1 are connected to each other.

A second end of the first inductor L1 and a second end of
the second switching device S2 are connected to each other.

A first end of the second switching device S2 and the first
output terminal 5a are connected to each other.

The second mput terminal 35 and the second output
terminal 556 are connected to each other.

A first end (e.g., a drain terminal) of the first switching
device S1 and a first node 4a on a path that connects the
second end of the first inductor L1 and the second end of the
second switching device S2 are connected to each other.

A second end (e.g., a source terminal) of the first switch-
ing device S1 and a second node 4b on a path that connects
the second mmput terminal 36 and the second output terminal
5b are connected to each other.

A first end of the first capacitor C1 and a third node 4¢ on
a path that connects the first end of the second switching
device S2 and the first output terminal 5a are connected to
cach other.

A second end of the first capacitor C1 and a fourth node
dd on a path that connects the second node 45 and the second
output terminal 55 are connected to each other.

A first end of the second inductor L2 1s connected to a path
that connects the first input terminal 3a and the first node 4a.

A second end of the second inductor .2 and a first end of
the second capacitor C2 are connected to each other.

A second end of the second capacitor C2 1s connected to

a path that connects the second mput terminal 356 and the
second node 4b.
The first inductor L1 and the second inductor 1.2 are

magnetically coupled with each other.
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In the example configuration illustrated in FIG. 1, the first
inductor L1 and the second inductor L2 are coupled with
cach other 1n directions represented by dots (*) depicted 1n
FIG. 1.

As described 1n the first embodiment, the first end of the
second inductor L2 1s connected to the path that connects the
first input terminal 3a and the first node 4a.

More specifically, in the second embodiment, the first end
of the second inductor L2 1s connected to a path that
connects the first input terminal 3a and the first end of the
first inductor L1.

According to the above-described configuration, some of
the ripple components 1n current that flows to the first
inductor L1 can be supplied from a bypass B1 including the
second inductor .2 and the second capacitor C2. This can
reduce normal-mode noise of an input voltage, the noise
flowing out to the power source side.

Noise can be most effectively reduced when current that
flows to the second capacitor C2 at a switching frequency of
the first switching device S1 matches current that flows to
the first inductor L1. More specifically, noise can be most
effectively reduced when 1/{C,x(L.,-M)} matches the
square of the switching angular frequency. In this case, M
represents a mutual inductance of the first inductor L1 and
the second inductor L.2. C, represents the capacitance of the
second capacitor C2. L, represents the inductance of the
second inductor [.2. However, even when the above-noted
conditional expression 1s not satisfied, the noise reduction
ellect can be obtained.

Compared with a configuration in a third embodiment
described below, the above-described configuration in the
second embodiment has the following advantages.

Comparison of the second embodiment with the third
embodiment indicates that, for obtaining the same noise
reduction eflect, the third embodiment has a larger rate of
change 1n current that flows to the first switching device S1
and the second switching device S2 than the second embodi-
ment. In the third embodiment, the rate of change 1n current
that flows to the first switching device S1 and the second
switching device S2 increases, as the second inductor 1.2
decreases. Thus, 1n the third embodiment, when the second
inductor L2 becomes too small, the duty ratio of the first
switching device S1 does not take a value as controlled, thus
giving rise to the possibility of impairing the function
serving as the power-factor correction circuit. Thus, 1n the
second embodiment, an inductor that 1s smaller than that 1in
the third embodiment can be used as the second inductor L2.
Accordingly, 1 terms of mimiaturization of the second
inductor L2, the second embodiment 1s more advantageous
than the third embodiment.

Also, for obtaining the same noise reduction eflect, the
current that flows 1n the bypass B1 1n the third embodiment
becomes larger than that in the second embodiment, as the
second inductor .2 becomes small. Thus, in the second
embodiment, a narrow wire can be used as the winding of
the second 1nductor L2. Accordingly, 1n terms of miniatur-
1zation of the second inductor 1.2, the second embodiment 1s
more advantageous than the third embodiment.

An allowable current of a capacitor decreases, as the
frequency increases. Thus, when the amount of current that
flows to the bypass B1 1s large, there 1s a possibility that a
plurality of capacitors need to be used in parallel as the
second capacitor C2 1n order to ensure the allowable current.
In this point, the second embodiment 1s also more advanta-
geous than the third embodiment.

In addition, the amount of switching frequency compo-
nents of a voltage across the terminals of the second capaci-
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tor C2 1n the second embodiment 1s smaller than that in the
third embodiment. In view of the fact that the allowable
voltage of the capacitor decreases as the {requency
increases, the second embodiment 1s also advantageous than
the third embodiment.

FIG. 12 1s a graph illustrating computational results of
circuit simulation of power source current i each of the
second embodiment and a comparative example.

The power-factor correction circuit described above and
illustrated 1n FIG. 13 was used 1n the comparative example.

An inductor of 200 uH was used as the first inductor L1
in each of the second embodiment and the comparative
example.

The switching frequency of the first switching device S1
in each of the second embodiment and the comparative
example was set to 100 kHz.

Also, an AC voltage having a frequency of 50 Hz and a
root mean square (RMS) voltage value of 200 V was input
as an mput voltage 1 each of the second embodiment and

the comparative example.

An 1inductor of 50 uH was used as the second inductor 1.2
in the second embodiment.

The mutual inductance of the first inductor L1 and the
second inductor L2 1n the second embodiment was set to
37.3 uH.

An output voltage 1n each of the second embodiment and
the comparative example was a DC voltage of about 400 V.,

As 1llustrated 1n FIG. 12, 1n the comparative example, the
wavelorm appears to be a thick sine wave, because of a
triangular ripple that occurs during a switching operation of
the first switching device S1.

On the other hand, 1n the second embodiment, switching
frequency components are supplied from the bypass Bl.
Accordingly, 1n the second embodiment, power source cur-
rent having sigmificantly small ripple 1s realized, as illus-
trated i FIG. 12.

In the comparative example, the power Tfactor was
99.68%.

In the second embodiment, the power factor was 99.96%.

Thus, 1n the second embodiment, the power factor can be
increased through suppression of ripple.

In the configuration illustrated in FIG. 1, a diode 1s used
as the second switching device S2.

That 1s, 1n the second embodiment, the second switching,
device S2 may be a diode. In this case, the first end of the
second switching device S2 1s a cathode of the diode. The
second end of the second switching device S2 1s an anode of
the diode.

Alternatively, the second switching device S2 may be a
transistor. In this case, the first end of the second switching,
device S2 1s, for example, a drain terminal. The second end
of the second switching device S2 1s, for example, a source
terminal.

In the configuration 1illustrated in FIG. 1, the rectifier 10
1s used.

That 1s, the power-factor correction circuit 1000 1n the
second embodiment may include the rectifier 10. In this
case, a first output port of the rectifier 10 and the first input
terminal 3¢ may be connected to each other. A second output
port of the rectifier 10 and the second 1nput terminal 35 may
be connected to each other.

The rectifier 10 rectifies an AC voltage. For example, the
rectifier 10 rectifies the AC voltage, which 1s an input
voltage applied across the input terminals of the rectifier 10
(1.e., across the first mnput port 2a and the second 1nput port
2b). The AC voltage, which i1s the input voltage, 1s output
from, for example, the AC power source 1.
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In the second embodiment, the rectifier 10 may be con-
figured with a diode bridge using four diodes.

Alternatively, 1n the second embodiment, a configuration,
such as a bridgeless topology or a totem-pole topology, may
be used.

FIG. 2 1s a circuit diagram 1illustrating a schematic con-

figuration of a power-factor correction circuit 1100 1n a
modification of the second embodiment.

FIG. 3 1s a circuit diagram illustrating a schematic con-

figuration of a power-factor correction circuit 1200 in a
modification of the second embodiment.

Each of the power-factor correction circuits 1100 and
1200 in the modifications illustrated 1n FIGS. 2 and 3 has
substantially the same configuration as that of the above-
described power-factor correction circuit 1000 and further

includes a third switching device S3 and a fourth switching
device S4.

The third switching device S3 1s provided on a path that

connects the second mnput terminal 35 and the second node
4b.

A second end of the third switching device S3 and the
second node 45 are connected to each other.

A first end of the third switching device S3 and a second
end of the fourth switching device S4 are connected to each
other.

A first end of the fourth switching device S4 1s connected
to a path that connects the first end of the second switching
device S2 and the third node 4c.

In the power-factor correction circuit 1100 illustrated 1n
FIG. 2, the second switching device S2 1s a first diode. In this
case, the first end of the second switching device S2 1s a
cathode of the first diode. The second end of the second
switching device S2 1s an anode of the first diode.

In the power-factor correction circuit 1100 illustrated 1n
FIG. 2, the fourth switching device S4 1s a second diode. The
first end of the fourth switching device S4 1s a cathode of the
second diode. The second end of the fourth switching device
S4 1s an anode of the second diode.

In the power-factor correction circuit 1100 illustrated 1n
FIG. 2, the third switching device S3 1s a transistor. In this
case, the first end of the third switching device S3 1s, for
example, a drain terminal. The second end of the third
switching device S3 i1s, for example, a source terminal.

In the power-factor correction circuit 1200 illustrated 1n
FIG. 3, the third switching device 1s a first diode. In this case,
the first end of the third switching device S3 is the cathode
of the first diode. The second end of the third switching
device S3 1s an anode of the first diode.

In the power-factor correction circuit 1200 illustrated 1n
FIG. 3, the fourth switching device S4 1s a second diode. The
first end of the fourth switching device S4 1s a cathode of the
second diode. The second end of the fourth switching device
S4 1s an anode of the second diode.

In the power-factor correction circuit 1200 illustrated 1n
FIG. 3, the second switching device S2 1s a transistor. The
first end of the second switching device S2 1s, for example,
a drain terminal. The second end of the second switching
device S2 1s, for example, a source terminal.

In the power-factor correction circuit 1100 1n the modi-
fication 1illustrated 1n FIG. 2, the operation described below
1s performed to control the power factor.

That 1s, 1n a period in which the output voltage of the AC
power source 1 1s positive, the third switching device S3 1s
on, and the fourth switching device S4 1s ofl. In this case, the
first switching device S1 and the second switching device S2
are alternately turned on and off.




US 9,899,911 B2

9

In a period 1n which the output voltage of the AC power
source 1 1s negative, the first switching device S1 1s on, and
the second switching device S2 is off. In this case, the third
switching device S3 and the fourth switching device S4 are
alternately turned on and off.

In the power-factor correction circuit 1200 1n the modi-
fication illustrated 1n FIG. 3, the operation described below
1s performed to control the power factor.

That 1s, 1n a period 1n which the output voltage of the AC
power source 1 1s positive, the third switching device S3 1s
on, and the fourth switching device S4 1s off. At this point
in time, the first switching device S1 and the second switch-
ing device S2 are alternately turned on and off.

In a period 1n which the output voltage of the AC power
source 1 1s negative, the third sw1tch1ng device S3 1s off, and
the fourth switching device S4 1s on. At this point 1n time,
the first switching device S1 and the second switching
device S2 are alternately turned on and ofl.

The power-factor correction circuit in the embodiment
may employ a commonly known control method. Thus, a
detailed description 1s not given herein.

FIG. 4 1s a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit 1300 in a
modification of the second embodiment.

The power-factor correction circuit 1300 illustrated in
FIG. 4 includes a third inductor L3 1n addition to the
above-described configuration of the power-factor correc-
tion circuit 1000.

In the power-factor correction circuit 1300 1illustrated in
FIG. 4, the third inductor L3 1s connected between a path
that connects the second end of the second inductor L2 and
the first end of the second capacitor C2 and in series with the
second inductor L2 and the second capacitor C2. In other
words, a first end of the third inductor .3 and a second end
of the second inductor 1.2 are connected to each other, and
a second end of the third inductor L3 and a first end of the
second capacitor C2 are connected to each other.

According to the configuration described above, even
when the coupling coetlicient of the first inductor L1 and the
second 1nductor L2 1s close to 1, the coupling coeflicient
between the first inductor L1 and bypass mductor L2+1.3
appears to be equivalently small, because of the third
inductor L3. Accordingly, with the third imnductor L3, it 1s
possible to equivalently achieve a desired coupling coetli-
cient, without changing the shape of a magnetic core 1n the
first inductor L1 1n order to obtain a desired coupling
coellicient. Specifically, for example, the third inductor can
be configured, for example, by winding a coated wire around
an enameled wire of a reactor having the enameled wire
wound around a toroidal core. For example, this makes it
possible to eliminate the need for design involving, for
example, use of a magnetic core having a shape of branched
magnetic paths 1n order to fabricate a reactor having a small
coellicient of coupling between windings. That 1s, 1t 1s
possible to simplify the design of magnetic parts. Typically,
a magnetic core, such as an EI core or EE core, having
branched magnetic paths 1s used as a loosely coupled
magnetic part. With such a magnetic core, however, a
portion around which a winding 1s wound 1s limited, and
thus the size becomes larger than that in a case in which a
simple toroidal core 1s used. Thus, with the configuration of
the power-factor correction circuit 1300 illustrated in FI1G. 4,
the magnetic parts can be miniaturized 1n connection Wlth
the simplified design of the magnetic parts. The inductor
being divided in the bypass portion has a significant mean-
ing. Only a small current flows 1n the bypass portion,
compared with a power line. Thus, the current rating of the
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third inductor L3 may be small, and a small-size part can be
used as the third inductor L.3. Similarly, a conducting wire
having a small line diameter can be used as the winding of
the second inductor L2. These points also contribute sig-
nificantly to mimaturization. Also, being able to use an
inductor having a small current rating means that the degree
of freedom of part selection is high. In this point, the design
can also be simplified. In addition, the equivalent coupling
coellicient and the inductance (LL.2+L.3) of the bypass portion
can be adjusted using the third inductor L3. Thus, it 1s not
necessary to repeat the design and trial production of a
magnetic part 1n order to exhibit accurate characteristics by
using the magnetic part alone. That 1s, 1t 1s possible to
simplily the design and the fabrication of magnetic parts.

When the third inductor L3 1s provided 1n addition to the
above-described configuration of the power-factor correc-
tion circuit 1100 or the above-described configuration of the
power-Tactor correction circuit 1200, as in the case described
above, the same or similar advantages are obtained.

A boost converter circuit may be configured with the
power source circuit i the second embodiment.

FIG. 11 1s a circuit diagram 1llustrating a schematic
configuration of a boost converter circuit 1400 in the second
embodiment.

As 1llustrated 1n FIG. 11, a first input terminal 3¢ and a
second 1put terminal 35 1n the boost converter circuit 1400
in the second embodiment are connected to a DC power
source 100.

The boost converter circuit 1400 1n the second embodi-
ment may operate, for example, as a step-up chopper circuit.
(Third Embodiment)

The third embodiment will be described below. Descrip-
tions that are substantially the same as those of the first and
second embodiments are not given hereinafter, as appropri-
ate.

First, a description will be given of an example 1n which
a power-factor correction circuit 1s configured with a power
source circuit 1n the third embodiment.

FIG. 5 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit 2000 in the
third embodiment.

The first inductor L1 and the second inductor L2 are
magnetically coupled with each other.

In the example configuration illustrated in FIG. 5, the first
inductor L1 and the second inductor L2 are coupled with

cach other 1n directions 1indicated by dots (*) depicted in FIG.
5.

As described above 1n the first embodiment, the first end
of the second inductor L2 1s connected to the path that
connects the first input terminal 3a and the first node 4a.

More specifically, 1n the third embodiment, the first end of
the second inductor L2 1s connected to a path that connects
the second end of the first inductor L1 and the first node 4a.

According to the above-described configuration, some of
ripple components of current that flows to the first switching
device S1 and the second switching device S2 can be
supplied from the bypass B1 including the second inductor
[.2 and the second capacitor C2. This can reduce normal-
mode noise of an input voltage, the noise flowing out to the
power source side.

A condition on which noise 1s most effectively reduced 1s
substantially the same as the condition represented by the
conditional expression described above in the second
embodiment.

Additionally, compared with the configuration of the
second embodiment, the configuration 1n the third embodi-
ment has the following advantages.
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In the second embodiment described above, the current
that flows 1n the first inductor L1 includes a triangular ripple
at a switching frequency. In contrast, in the third embodi-
ment, the bypass B1 has already removed switching fre-
quency components from the current that flows 1n the first
inductor L1. Accordingly, 1n the third embodiment, iron loss
due to hysteresis characteristics of the magnetic core 1n the
first inductor L1 1s reduced. In this point, the third embodi-
ment 1s more advantageous than the second embodiment.

The power-factor correction circuit 1n the third embodi-
ment may have a configuration without the rectifier 10, as in
the above-described configuration of the power-factor cor-
rection circuit 1100 or the power-factor correction circuit
1200 (e.g., FIG. 6 or 7).

FIG. 6 1s a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit 2100 in a
modification of the third embodiment.

FIG. 7 1s a circuit diagram illustrating a schematic con-
figuration of a power-factor correction circuit 2200 1n a
modification of the third embodiment.

The power-factor correction circuit 1n the third embodi-
ment may further include a third inductor L3, as in the
above-described configuration of the power-factor correc-
tion circuit 1300.

That 1s, 1n the power-factor correction circuit in the third
embodiment, the third inductor L3 may be connected
between a path that connects the second end of the second
inductor L2 and the first end of the second capacitor C2 and
in series with the second inductor L2 and the second
capacitor C2.

According to the above-described configuration, the
design of magnetic parts can be simplified, as described 1n
the second embodiment.

A boost converter circuit may be configured with the
power source circuit 1n the third embodiment.

(Fourth Embodiment)

A fourth embodiment will be described below. Descrip-
tions that are substantially the same as those of the first,
second, and third embodiments are not given hereinafter, as
appropriate.

First, a description will be given of an example 1n which

a power-factor correction circuit 1s configured with a power
source circuit in the fourth embodiment.

FIG. 8 1s a circuit diagram illustrating a schematic con-
figuration ol a power-factor correction circuit 3000 1n the
fourth embodiment.

More specifically, the power-factor correction circuit
3000 1n the fourth embodiment includes a fourth inductor L4
and a third capacitor C3, 1n addition to the configuration of
the power-factor correction circuit 1000 in the second
embodiment described above.

A first end of the fourth inductor L4 1s connected to a path
that connects the second end of the first inductor L1 and the
first node 4a.

A second end of the fourth inductor .4 and a first end of
the third capacitor C3 are connected to each other.

A second end of the third capacitor C3 1s connected to a
path that connects the second input terminal 35 and the
second node 4b.

The first inductor L1, the second inductor L2, and the
fourth inductor L4 are magnetically coupled with each other.

In the example configuration illustrated 1n FIG. 8, the first
inductor L1, the second inductor 1.2, and the fourth inductor
[.4 are coupled to each other 1n directions indicated by dots

(*) depicted in FIG. 8.
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As described above, the power-factor correction circuit
3000 1n the fourth embodiment has a combined configura-
tion of the second and third embodiments.

That 1s, the power-factor correction circuit 3000 1n the
fourth embodiment includes the bypass Bl in the power-
tactor correction circuit 1000 in the second embodiment and
also includes the bypass B1 in the power-factor correction
circuit 2000 in the third embodiment as a bypass B2.

The configuration described above oflers advantages
described above 1n the second and third embodiments. That
1s, the advantages described 1n the second and third embodi-
ments are further combined together. This makes 1t possible
to more ellectively reduce normal-mode noise.

The power-factor correction circuit in the fourth embodi-
ment may have a configuration without the rectifier 10, as in
the above-described configuration of the power-factor cor-
rection circuit 1100 or the power-factor correction circuit
1200 (e.g., FIG. 9 or 10).

FIG. 9 15 a circuit diagram 1illustrating a schematic con-
figuration of a power-factor correction circuit 3100 in a
modification of the fourth embodiment.

FIG. 10 1s a circuit diagram 1llustrating a schematic
configuration of a power-factor correction circuit 3200 1n a
modification of the fourth embodiment.

The power-factor correction circuit 1n the fourth embodi-
ment may further include a third inductor L3, as in the
above-described configuration of the power-factor correc-
tion circuit 1300.

That 1s, 1n the power-factor correction circuit in the fourth
embodiment, the third inductor L3 may be connected
between a path that connects the second end of the second
inductor L2 and the first end of the second capacitor C2 and
in series with the second inductor L2 and the second
capacitor C2.

According to the above-described configuration, the
design of magnetic parts can be simplified, as described 1n
the second embodiment.

In this case, the power-factor correction circuit 3000 1n
the fourth embodiment may further include a fifth inductor
LS.

That 1s, 1n the power-factor correction circuit 3000 1n the
fourth embodiment, the fifth inductor L5 may be connected
between a path that connects the second end of the fourth
inductor 1.4 and the first end of the third capacitor C3 and 1n
series with the fourth inductor .4 and the third capacitor C3.

According to the configuration described above, even
when the coupling coetlicient of the first inductor L1 and the
fourth mductor L4 1s close to 1, the coupling coetlicient
appears to be equivalently small, because of the fifth induc-
tor L5. Accordingly, with the fifth inductor L5, 1t 1s possible
to equivalently design a desired coupling coeflicient, with-
out changing the shape of a magnetic core 1n the first
inductor L1 1n order to obtain a desired coupling coeflicient.
That 1s, 1t 1s possible to simplity the design of magnetic
parts.

In addition, the power-factor correction circuit 3000 1n the
fourth embodiment may include a magnetic core.

In such a case, a winding of the first inductor L1, a
winding of the second inductor L2, and a winding of the
fourth inductor L4 may be wound around the magnetic core.

According to the above-described configuration, the first
inductor L1, the second inductor .2, and the fourth inductor
[.4 have the windings around the same magnetic core. This
provides a large mutual inductance. Thus, it i1s easier to
obtain a greater noise reduction efl

ect.
A boost converter circuit may be configured with the
power source circuit i the fourth embodiment.
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In the above-described embodiments of the present inven-
tion, the “connection between two elements” (e.g., one
clement connects to another element) may mean, not only a
direct connection, but also an electrical connection and a
connection 1n which an element (e.g., a wiring, a resistor,
and the like, which do not impair the functions of the
embodiments) 1s inserted therebetween.

The power source circuit 1n the present disclosure can be
used as, for example, a power source circuit 1n a switching,
power source device or the like.

While the present disclosure has been described with
respect to exemplary embodiments thereot, 1t will be appar-
ent to those skilled 1in the art that the disclosure may be
modified 1n numerous ways and may assume many embodi-
ments other than those specifically described above. Accord-
ingly, 1t 1s intended by the appended claims to cover all
modifications of the disclosure that fall within the true spirit
and scope of the disclosure.

What 1s claimed 1s:

1. A power source circuit comprising:

a first input terminal;

a second mput terminal;

a first inductor;

a second inductor;

a third inductor;

a first switching device;

a second switching device;

a first capacitor;

a second capacitor;

a first output terminal; and

a second output terminal,

wherein the first input terminal and a first end of the first
inductor are connected to each other,

a second end of the first inductor and a second end of the
second switching device are connected to each other,

a first end of the second switching device and the first
output terminal are connected to each other,

the second mput terminal and the second output terminal
are connected to each other,

a first end of the first switching device and a first node on
a path that connects the second end of the first inductor
and the second end of the second switching device are
connected to each other,

a second end of the first switching device and a second
node on a path that connects the second input terminal
and the second output terminal are connected to each
other,

a first end of the first capacitor and a third node on a path
that connects the first end of the second switching
device and the first output terminal are connected to
each other,

a second end of the first capacitor and a fourth node on a
path that connects the second node and the second
output terminal are connected to each other,

a first end of the second inductor 1s connected to a path
that connects the first input terminal and the first node,

a second end of the second capacitor 1s connected to a
path that connects the second mput terminal and the
second node,

the first inductor and the second inductor are magnetically
coupled with each other,

a first end of the third inductor and a second end of the
second inductor are directly connected to each other,
and

a second end of the third inductor and a first end of the
second capacitor are directly connected to each other.

10

15

20

25

30

35

40

45

50

55

60

65

14

2. The power source circuit according to claim 1, turther

comprising:

a third switching device; and

a fourth switching device,

wherein the third switching device 1s provided on the path
that connects the second input terminal and the second
node,

a second end of the third switching device and the second
node are connected to each other,

a first end of the third switching device and a second end
of the fourth switching device are connected to each
other, and

a first end of the fourth switching device 1s connected to
a path that connects the first end of the second switch-
ing device and the third node.

3. The power source circuit according to claim 2,

wherein the second switching device 1s a first diode,

the first end of the second switching device 1s a cathode
of the first diode,

the second end of the second switching device 1s an anode
of the first diode,

the fourth switching device i1s a second diode,

the first end of the fourth switching device 1s a cathode of
the second diode, and

the second end of the fourth switching device 1s an anode
of the second diode.

4. The power source circuit according to claim 2,

wherein the third switching device 1s a first diode,

the first end of the third switching device 1s a cathode of
the first diode,

the second end of the third switching device 1s an anode
of the first diode,

the fourth switching device i1s a second diode,

the first end of the fourth switching device 1s a cathode of
the second diode, and

the second end of the fourth switching device 1s an anode
of the second diode.

5. The power source circuit according to claim 1, further

comprising;

a rectifier that rectifies an alternating current voltage,

wherein a first output port of the rectifier and the first
input terminal are connected to each other, and

a second output port of the rectifier and the second input
terminal are connected to each other.

6. The power source circuit according to claim 5,

wherein the second switching device 1s a diode,

the first end of the second switching device 1s a cathode

of the diode, and

the second end of the second switching device 1s an anode

of the diode.

7. The power source circuit according to claim 1, wherein
the first end of the second inductor 1s connected to a path that
connects the first input terminal and the first end of the first
inductor.

8. The power source circuit according to claim 1, wherein
the first end of the second 1inductor 1s connected to a path that
connects the second end of the first inductor and the first
node.

9. The power source circuit according to claim 1, further
comprising;

a magnetic core,

wherein a winding of the first inductor and a winding of

the second inductor are wound around the magnetic
core.

10. The power source circuit according to claim 7, further
comprising;

a fourth inductor; and
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a third capacitor,

wherein a first end of the fourth inductor 1s connected to
a path that connects the second end of the first inductor
and the first node,

a second end of the fourth inductor and a first end of the
third capacitor are connected to each other,

a second end of the third capacitor 1s connected to the path
that connects the second input terminal and the second
node, and

the first inductor and the fourth inductor are magnetically
coupled with each other.

11. The power source circuit according to claim 10,

turther comprising:

a fifth inductor,

wherein the fifth inductor 1s connected between a path that
connects the second end of the fourth inductor and the
first end of the third capacitor and 1n series with the
fourth inductor and the third capacitor.

12. The power source circuit according to claim 10,

turther comprising;:

a magnetic core,

wherein a winding of the first inductor, a winding of the
second 1nductor, and a winding of the fourth inductor
are wound around the magnetic core.

13. The power source circuit according to claim 1,

wherein the first mput terminal and the first end of the first
inductor are directly connected to each other.
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